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Abstract 
Swimming fins are used for muscular training but we do not really know how fins affect muscular training. In this way, the 
purpose of this present study was to examine the influencing factors of fin designs and swimmer kinematics on the muscle 
activity. Eight individuals took part in this study which consists of eight tests, thereof one standard, four with prototyped fins and 
three with different kinematics. The surface electromyography (EMG) of lower limb superficial muscles was recorded. The 
muscle activity was significantly higher for highest frequency strokes. No EMG difference was found whilst comparing different 
amplitudes or different stiffness. Heavy fins significantly train the shank more, whereas short ones have more impact on the thigh 
and the buttocks. 
 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Swim fins are increasingly used in swim training as well as just for leisure by amateur swimmers which has 
opened a potential market for manufacturers. Changing the fin design, the shape or the mass distribution may result 
in higher joints loads. Until now the effect of the fin design on the muscle activity which controls joint kinematics is 
not known. Only one study about muscle activity during swimming with fins was found. In 1990, Cabri et al. [1] 
tested the muscle activity of the lower limbs during diving with diving fins. No significant EMG differences were 
found between the different diving fins.  
Making EMG measurements in water always raises a technical aspect which is the protection of electrodes and 
the intersections between electrode-skin as well as electrode-cable in water. In addition, the influences of water 
leaks are discussed. According to different authors, there are multiple manners how water leakage influences the 
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signal. Masumoto et al. [2] observed a band of high-frequency noise. On the contrary, Benfield et al. (2007) 
observed artefacts in low frequency. A deterioration of the signal, an amplification of the signal or that a channel did 
not work anymore was observed as well [3]. Rainoldi et al. [4] measured the amplitude of the EMG signal in water 
without protection which was just 5-10% of the signal in air. Even if there are many different opinions of the impact 
of water on the EMG signal, most of the authors agree that it is necessary to protect the electrodes from water. Most 
of them use a local protection of the electrodes, like a transparent dressing (Tegaderm
TM
, 3M, Germany) or an 
adhesive tape (Cutifilm ® Beiersdorf AG, Germany), which is stuck over the electrodes [4], [5]. It is hard to get a 
tape or a transparent dressing waterproofed when cables emerge from it. Therefore, Benfield et al. [3] used liquid 
bandage spray around the electrodes, the snap junctions and also the transparent dressings. 
The aim of this study is to analyse the influence of different swim fin designs (lengths, stiffness and mass) and 
different leg movements (frequency and amplitude) on the muscle activity pattern during fin swimming. With the 
knowledge of these factors, fins, which train a specific part of the leg, can be designed. 
2. Methods 
2.1. Subjects 
Eight subjects (4 females, 4 males) took part in the studies. Their mean age is 27 ± 3.2 years, their weight is 68.7 
± 10.2 kg and their mean height is 1.74 ± 0.20 m. All the subjects are amateur swimmers.  
2.2. Materials 
The studies took place in a small basin (11 m length, 1.15 m depth). For each try subjects had to swim one 
length, which corresponds to 15 stroke cycles. In order to realise the cutting cycle, kinematics of the fin swimmers 
were recorded with a waterproof camera (Olympus µ1030 SW, Olympus Imaging Corp., Japan). Five fins (see 
Table 1) were prototypes, based on the Swimfins (Decathlon, France).  
Table 1. Description of the different used fins 
Fin N° Fin name Fin description 
1 normal standard Swimfin 
2 short + stiff reduction of the length from fin N°1by 50%  
3 long + flexible length like fin N°1. + reduction of the height of the rib (top and bottom) by 50% 
4 short + flexible  length like fin N°2. + stiffness like fin N°3. 
5 long + stiff + heavy standard Swimfin + 95.9g under the ball of the foot 
 
A waterproof MP3 player was used to deliver a real time audio feedback to the swimmer to give the frequency of 
the fins flap. Two different frequencies were used, 1.0 Hz representing the standard amplitude and 0.8 Hz 
representing the low frequency. In order to control the amplitude of the motion of the legs, a floatable frame was 
developed with two horizontal bars where the legs had to move between. Two amplitudes were tested, 42 (low) and 
48 cm (standard). [6] 
Surface EMG was used to record muscle activity using bipolar single surface pre-gelled electrodes (Ag-AgCl, 
EL503, Biopac Systems, Inc., USA) and a Muscle Tester ME3000P, 8 channels (Mega Electronics Ltd., Finland) 
(2kHz sampling). To improve the measurement, the skin for surface EMG was carefully cleaned following the 
SENIAM recommendations [7]. To guarantee the water tightness, a spray plaster (Tricosteril, France) was applied 
DURXQGWKHHOHFWURGHVDVZHOODVDWUDQVSDUHQWGUHVVLQJ7HJDGHUP cm x 12 cm, 3M, Germany). The cables 
were fixed to the leg to avoid artefacts in the signal. The acquisition device was protected from water with a 
waterproof case. 
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2.3. Procedures 
The subjects were given a few lengths training to get accustomed to the setup. Each subject inserted in the 
floating frame swims 8 times under specific conditions (see Table 2), in a randomised order. Seven muscles of the 
right leg, flexor and extensor muscles, controlling hip, knee and ankle, i.e. m. tibialis anterior (TA), m. 
gastrocnemius medialis (GAM), m. gluteus maximus (GLM), m. vastus medialis (VM), m. biceps femoris (BF), m. 
semitendinosus (SD) and m. rectus femoris (RF) were monitored.  
Table 2. Organisation of the variables in the testing.T5 corresponds to the standard condition, T1 to T4 consist in fin design modification and T6 
to T8 modulate amplitude and frequency parameters of the movement. 
2.4. Data processing 
First of all, the data was band-pass filtered with a Butterworth filter second order (10 Hz - 500 Hz). Then the 
signal was rectified and smoothed with a low pass Butterworth filter (5 Hz). To compare the values between the 
different muscle signals they were normalised to the highest peak of all the eight tries [8]. EMG signals were cut 
into cycles using leg kinematics. Each cycle was time normalised to 100 values [1]. Consequently, it was possible to 
FDOFXODWH WKHPHDQYDOXHDQG WKH VWDQGDUGGHYLDWLRQ IRUHDFK WU\7KHVH µPHDQF\FOHV¶ZHUHDQDO\VHGZLWK a ratio 
method and with a muscle activity pattern analysis. By the ratio analysis the effect of the experimental conditions on 
the joint control was expressed. Ratios were calculated for each joint: 
 Ankle - flexion and extension:  TA / GAM 
 Knee - flexion and extension:  RF / (BF + SD)  
 Knee - rotation:  VM / BF  
 Hip - flexion and extension:  GLM / RF 
 
The ratio shows how much the agonist was activated in comparison to the antagonist [9]. The muscle activity 
pattern analysis was used to refine and complete the ratio analysis. The maximal values of each mean cycle (max) 
and the areas under the curves, the integrated EMG (iEMG) were calculated.  
3. Results 
3.1. Muscle activity pattern analysis and ratio analysis 
No timing modification was measured between each try, nevertheless the amplitude of ratios differs (see Fig. 1). 
The cycle begins with the upward motion of the leg, where e.g. the knee movement starts with flexion. At this 
moment the ratio is negative, because the BF and the SD, the flexors of the knee are much more activated than the 
RF. After the zero crossing which is always around the same instance, the extensor of the knee (RF) is activated. As 
the timing of the ratio does not change but the amplitude does, the muscle activity of each muscle is analysed 
separately to identify design and kinematics effects. 
 
      
Fin parameters  Movement parameters 
  Fin Frequency Amplitude    Fin Frequency Amplitude 
T1 short + stiff normal normal  T5 normal normal normal 
T2 long + flexible normal normal  T6 normal normal large 
T3 short + flexible normal normal  T7 normal low normal 
T4 long + stiff + heavy normal normal  T8 normal low large 
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3.2. Kinematics effect 
During swimming with different amplitudes there is no significant difference found in the muscle activity. This 
applies to the iEMG as well as to the max. Tendencies (p<0.1) are observe on VM and GLM but statistical power 
test are very low. In this way we can conclude that amplitude does not have an important effect on the muscle 
activity. 
The frequency has a significant influence on all the muscles. During swimming with a frequency of 1.0 Hz the 
muscle activation of the legs and the buttocks is about 25% higher than with a frequency of 0.8 Hz.  
The muscle activities during swimming with different amplitudes and frequencies were compared with a two way 
ANOVA F(1,7).  
Table 2. This table presents the F-values, the p-values and the observed power of all the two-way ANOVAs performed for the iEMG of each 
muscle, for the frequency as well as for the amplitude. The stars show the significant p-values (* for p<0.1, and ** for p<0.05). 
 Motion Frequency Motion Amplitude Motion Frequency x Motion Amplitude 
Muscle 
(iEMG) 
F-value p-value observed 
power 
F-value p-value observed 
power 
F-value p-value observed 
power 
TA 63.47 0.00 ** 0.99 1.87 0.22 0.21 13.45 0.00 ** 0.88 
GAM 14.73 0.00 ** 0.90 0.24 0.64 0.07 0.00 0.93 0.05 
RF 34.59 0.00 ** 0.99 0.15 0.70 0.06 0.38 0.55 0.08 
VM 61.17 0.00 ** 0.99 0.19 0.06 * 0.06 1.99 0.20 0.23 
BF 16.89 0.00 ** 0.93 1.00 0.35 0.14 0.39 0.55 0.08 
SD 63.47 0.00 ** 0.99 1.82 0.22 0.21 13.45 0.00 ** 0.88 
GLM 42.72 0.00 ** 0.99 3.97 0.08 * 0.40 2.20 0.18 0.25 
 
Fig. 1. Mean swimming cycles ± standard deviation of the ratio of the knee flexion (negative value) and extension (positive value) for each 
test; ratio = 0, circles correspond to no muscle activation 
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3.3. Fin design effect  
No difference in the muscle activity was found for different fin stiffness. 
Nevertheless, the length of the fins has a significant influence on the iEMG of all muscles (except GAM) and on 
the max EMG (except GAM and TA). Thus, the activity of the muscles is higher for the short fins than for the long 
ones. 
The muscle activities were compared with a two way ANOVA F(1,7). 
Table 3. This table presents the F-values, the p-values and the observed power of all the two-way ANOVAs performed for the iEMG of each 
muscle, for the fin length as well as for the fin stiffness. The stars show the significant p-values (* for p<0.1, and ** for p<0.05). 
 Motion Length Motion Stiffness Motion Length x Motion Stiffness 
Muscle 
(iEMG) 
F-value p-value observed 
power 
F-value p-value observed 
power 
F-value p-value observed 
power 
TA 17.73 0.00 ** 0.94 0.72 0.42 0.11 3.01 0.12 0.32 
GAM 00.40 0.55 0.08 0.19 0.67 0.07 0.00 0.93 0.05 
RF 08.04 0.02 ** 0.68 4.89 0.41 0.48 0.05 0.90 0.05 
VM 15.80 0.00 ** 0.92 0.21 0.66 0.07 1.30 0.29 0.17 
BF 13.63 0.00 ** 0.88 2.52 0.15 0.28 0.58 0.46 0.10 
SD 17.73 0.00 ** 0.95 0.71 0.42 0.11 3.01 0.13 0.32 
GLM 26.70 0.00 ** 0.99 0.88 0.38 0.13 0.41 0.54 0.09 
 
However, from the point of view of the mass, muscle activities were compared with a one way ANOVA F(1,7). 
Heavier fins significantly reduce the iEMG of GLM (p=0.01, observed power=0.83) by 15%. The max of VM, SD 
and RF decreases significantly with the heavier fin with respectively observed power of 0.63, 1.00 and 0.62. Thus 
the added mass has an important influence on hip muscle as it reduces the upper muscle whereas it keeps the other 
muscle activities constant.  
4. Discussion 
This study increases the knowledge of fin swimming which is quite weak in the scientific literature (Cabri et al. 
in 1990). An EMG analysis was realised, with 7 muscles being recorded. The movement was limited in terms of 
frequency and in terms of amplitude. Furthermore, from fin to fin only one parameter was manipulated. 
While swimming with different fins, the muscle activity differs from one muscle to the other. This means that 
different fins can work out different parts of the body. Whereas the thigh is more entrained with short fins than with 
long ones, the short ones are often mentioned by the subjects to be hard to advance with, they are very energy 
consuming. As the blade of the fins is particularly small, there is not so much resistance in the water and therefore 
less propulsion. Thus, the size of the blade has more influence on the muscle activity than the stiffness knowing that 
the stiffness of the fins does not influence the muscle activity. The stiffness difference may not have been relevant 
enough. The last fin parameter is the mass. Heavy fins reduce the EMG of the hip muscles, the iEMG of GLM and 
RF. This means that muscular demand is higher for shanks than for the thighs and the buttocks with heavy fins 
compared to standard ones. The heavy fin facilitates the descent of the leg which leads to lower RF activity. 
Swimming following different kinematics pattern modifies muscular activity. It is the case when the frequency is 
manipulated; all the muscles are higher activated while swimming with 1.0 Hz than with 0.8 Hz. The reason for this 
is the higher drag. Because the same amplitude has to be provided in 1 s instead of 1.25 s, the raised vertical velocity 
increases the drag force. There is no difference found in the muscle activation while swimming with different 
amplitudes. Either there is no difference in the muscle activation or the amplitude was not limited enough. 
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5. Conclusion 
This study demonstrates that the activation pattern of muscles does not change with different fins or different 
movements. While swimming with short fins, the thigh and the buttocks are significantly more activated and 
therefore more trained than the shank. On the contrary, swimmers who use heavy fins train significantly more the 
shanks. No influence of the stiffness of the fin on the muscle activity was found. The frequency of the leg movement 
has a large influence on the muscle activity. However, swimming with different amplitudes does not have any 
influence on the muscle activity. This might be because there is no difference or because it was not controlled 
enough. A short and heavy fin has not yet been tested, so it would be advisable to test the combination of the two 
fins which have an inverse influence on the muscle activity.  
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